[14C]Taurocholate was orally admin istered to rats together with a definite amount of either casein-or soy protein-based diet and its postprandial movement along the digestive tract was investigated. A difference was observed between both dietary groups in intraluminal transit as well as mucosal accumulation of [14C]taurocholate in the ileum; namely the soy protein intake led to a decrease in the bile acid incorporation into the ileal mucosa relative to the casein intake, although raising its intraluminal stay. In addition, the digestive products from these and other food proteins by pepsin-pancreatin digestion (peptides with mo lecular weights of more than 1,000) were examined for their inhibitory effects on in vitro absorption of taurocholate with ileal everted sacs. As the digestive product affinity for taurocholate increased, the rate of taurocholate absorption decreased. It thus seems likely that a food protein more abundant in hydrophobic peptides following intraluminal diges tion adsorbs much more bile acids in the gut, thereby disturbing their intestinal absorption.
Dietary protein is intimately involved in lipid metabolism (1) . For example, plant protein re presented by soy protein is well-known to have a hypocholesterolemic effect as compared with case in (2) (3) (4) (5) . A plausible explanation for this effect is that soy protein components or their digestive products bind to acidic and neutral steroids in the intestinal lumen, thereby interferring with their reabsorption (5) . In this connection, we have also reported that "hydrophobic" peptides appearing or remaining during intraluminal digestion of dietary protein are responsible for the hypocho lesterolemic action, of which the mechanism may partly be accounted for by compensatory synthesis from the plasma cholesterol for the loss in bile acid reabsorption (6) . However, there are many conflict ing explanations regarding the plasma cholesterol lowering action of soy protein (7) .
In this presentation, we will first state some differences in the luminal disappearance and mucosal accumulation of [14C]taurocholate after its ingestion together with either soy protein-or casein-based diet. Secondly we refer to the effects of digestive products from various food proteins on. taurocholate absorption using ileal everted sacs. Pretreatment of tissues The plasma was sep arated from the red blood by centrifugation at 3,000rpm for 15min. The small intestine was divided into proximal, middle and distal thirds, of which the intralumens were rinsed in cold saline after removal of the leavings. The mucosa of each segment was scratched off with a slide glass and ground in a Teflon-glass homogenizer. Results and discussion Figure 1 illustrates the movement of exoge nous [14C]taurocholate along the gastrointestine of rats after ingestion of soy protein or casein based diet. As to gastric emptying, the radio activity disappeared in a similar rate irrespective of soy protein or casein intake. There was no sig nificant difference between both dietary groups in gastric emptying. The [14C]taurocholate passed rapidly through the stomach and proximal segment; therefore radioactivity was minimal in these tissues. The [14C]taurocholate levels in the middle and distal segments varied with postprandial time. A difference was observed in the transit pattern of [14C]tauro cholate between the 2 groups; when soy protein was eaten, the taurocholate passage through the jejuno-ileum seemed to be more retarded as opposed to casein feeding. Moreover, intraluminal [14C] taurocholate was found at higher levels in the former case. This difference would have reflected the difference in the passage rate of digestive products (chyme) through the small intestine.
[14C]Tauro cholate was detected in the caecum 120min after ingestion and 200min later reached a maximum in either case of the soy protein and casein diets . At that time, approximately 20% of the initial [14C]taurocholate was recovered in the soy protein-receiving group, while its recovery in the casein-receiving group was less than 10%. Although the faeces were not assayed for their radioactivity , it was assumed that the soy protein intake caused an increase in the amount of taurocholate transferred to the caecum relative to the casein intake. degree. A quite similar accumulation in the middle segment was observed between both dietary groups, while that in the distal segment was distinctly higher in the casein-receiving group than in the soy pro tein-receiving one, temporarily ranging from 25 to 30% of the initial administration. This was a good contrast to the intraluminal stay of [14C]tauro cholate in large quantities. A hundred and fifty minutes later [14C]taurocholate had been mostly transferred from the stomach to the ileocaecum, in which the total radioactivity in both the lumen and mucosa could account for no more than two-thirds of its initial administration. The missing amount must have been incorporated into the body across the intestinal wall. However, the radioactivity level in the liver was low contrary to expectations. As shown in Fig. 2 The following experiment was designed to learn to what extent digestive products from various food proteins can adsorb bile acids. When animal and plant proteins were examined for their in vitro digestibility, some differences were observed in digestion process among casein and other food proteins irrespective of the absence or presence of 1% cholesterol. Plant proteins such as soy protein and wheat gluten were certainly inferior to casein in digestibility (6) . Even though apparent digestion proceeds similarly with various proteins, it is probable that the individual digestive products are diverse in molecular size as well as hydrophobicity. The surface hydrophobicity of food proteins and their digestive products can be simply evaluated by measuring changes in the fluorescence intensity of a hydrophobic probe (9) . Table 1 the highest in hydrophobicity, but its extent was reduced to about a quarter following pepsin pancreatin digestion. The hydrophobicity of intact casein was equal to half that of soy protein , and its digestion by pepsin and pancreatin also led to a considerable reduction in the degree of hydro phobicity. When the hydrophobicities of digestive products from various food proteins were compared, soy protein exhibited still the highest hydrophobicity with ovalbumin and gluten following. Zein and gelatin were also superior to casein. The bile acid-binding capacities of these digestive products were measured by means of equilibrium dialysis (10) using [14C]taurocholate as well. As shown in Fig. 3 , the radioactivity in the outer dialyzate was the lowest in the presence of the digestive product from soy protein.
The digestive products from gluten and ovalbumin followed it in order of radioactivity. The magnitude of residual radioactivity moderately corresponded to the fl uorometrically determined hydrophobicity , indi cating that the peptic-pancreatic digest more abundant in hydrophobic peptides has the higher bile acid-binding capacity. Reabsorption of intraluminal bile acids after taking part in fat digestion is an important link in the enterohepatic circulation. As to their intestinal absorption; a Na+-dependent transport system is known to exist in the intestinal mucosa, its existence being limited to a narrow region of the ileum (8, 11) . For this reason, everted sacs of about 5cm in length were prepared from the terminal ileum. Both transmural transport and mucosal accumulation in the assay system with everted sacs increased under aerobic conditions, but the same was not the case with everted sacs from the jejunum. This suggests that an ileal active transport system for taurocholate is energy-dependent in the same manner as jejunal active transport systems for amino acid and hexose. Figure 4 compares the inhibitory effects of 3 fractions from the peptic-pancreatic digest of soy protein on in vitro absorption of taurocholate with ileal everted sacs prepared as above. The 3 fractions were defined as (1) pH 8 buffer-insoluble, (2) large peptides of more than 1,000 dalton in molecular size and (3) small peptides of less than 1,000 dalton in molecular size. The taurocholate absorption due to transmural transport and mucosal accumulation, was considerably depressed in the presence of these fractions. Above all, fraction 1 was much more inhibitory to the taurocholate absorption than other fractions when their peptide concentrations were taken into account. Such inhibitory effects can be accounted for by the presence of bile acid-binding peptides leading to a decrease in the substrate level in the assay medium. Evidence for this possibility has been forwarded by Sugano and Goto at this meeting (12) . Figure 5 compares the inhibitory effects on the ileal taurocholate uptake of digestive products with molecular weights of more than 1,000 from various food proteins by pepsin-pancreatin digestion. The digestive products from soy protein, gluten and ovalbumin were highly inhibitory to the tauro cholate transport, whereas those from zein and casein were not inhibitory but rather accelerated the taurocholate transport. Similar tendencies were observed for the mucosal accumulation to one degree or another. Figure 6 shows the correlation between the inhibitory effects of these digestive products on the taurocholate uptake with everted sacs and their taurocholate-binding capacities estimated by equi librium dialysis. A good relationship with a coefficient of (a) r=0.834 or (b) r=0.973 was found between the 2 parameters. That is, as the affinity of digestive products to taurocholate increased, the This work was supported in part by a Grant-in-Aid for Scientific Research (63560092) from the Ministry of Education, Science and Culture of Japan.
